ABSTRACT. Atypical scrapie in goats has only been reported in European countries. The present study reports the identification of the first case of atypical scrapie in goats in Japan. The genotype of the animal was ALRQ/ALHQ at codons 136, 141, 154, and 171 in prion protein (PrP). Western blot analysis showed a multiplex proteinase K-resistant prion protein (PrP-res) band pattern with a band <15 kDa that was clearly distinguishable from the triplet PrP-res band pattern observed in classical scrapie cases. Histopathological and immunohistological examination showed mild vacuolation and fine granular to globular immunolabelling of disease-associated PrP in the dorsal horn of cervical spinal cord. Collectively, our results confirmed that this goat was affected by atypical scrapie.
doi: 10.1292/jvms. Total genomic DNA was extracted from the spinal cord of the present case and its littermate. PCR amplification of a 627 base pair product of the coding region of prnp within codons 25-233 was performed by KAPA TM HiFi HotStart ReadyMix (KAPA Biosystems, Woburn, MA, U.S.A.) with a primer set (forward: 5′-TCTAGCTGTCATATGAAGAAGCGACCAAAACCTGG-3′, reverse: 5′-AGCTGTGGATCCTCATCATGCCCCCCTTTGGTAATAAG-3′). The amplicons were sequenced from both ends using the same primer set by BigDye ® Terminator V3.1 Cycle Sequencing Kit (Applied Biosystems, Waltham, MA, U.S.A.) on a 3130xl Genetic analyzer (Thermo Fisher Scientific, Waltham, MA, U.S.A.). Based on comparison with a wild-type goat PrP open reading frame (ORF) (GenBank no. S82626), the amino acid sequence was predicted. The goat and its littermate had the same heterological amino acid polymorphisms as A 136 L 141 R 154 Q 171 / A 136 L 141 H 154 Q 171 but did not have the scrapie-resistant alleles 146S/D, 211Q, and 222K described in previous reports [7] . Following the treatment with proteinase K (PK; Roche Diagnosis Japan, Tokyo, Japan; final concentration of 40 µg/ml) for 30 min at 37°C, the samples were electrophoresed on 12% NuPAGE pre-cast gels in NuPAGE MES SDS Running buffer (Invitrogen, Carlsbad, CA, U.S.A.) or 4-20% Criterion TGX pre-cast gels in Tris-Glycine running buffer (Bio-Rad, Hercules, CA, U.S.A.) and electrotransferred onto Immobilon polyvinylidene fluoride membranes (Millipore, Darmstadt, Germany). The blotted membranes were probed with the monoclonal antibody (mAb) P4 (R-Biopharm, Darmstadt, Germany) according to a previously described method [14] . IHC for PrP Sc was performed using the mAb T1 [26] or F99/97.6.1 (VMRD, Pullman, WA, U.S.A.) with pretreatment by autoclaving as previously described [21] .
WB analysis with mAb P4 demonstrated a multiple PK-resistant PrP (PrP-res) pattern with a small PrP-res fragment below 15 kDa in the present goat case ( Fig. 1A ; lane 1) but not in scrapie-negative goats ( Fig. 1A ; lanes 2 and 3). This PrP-res pattern was similar to that in atypical scrapie cases in sheep from the U.K. (Fig. 1A ; lanes 5 and 6) obtained from the Animal and Plant Health Agency (Addlestone, Surrey, U.K.) but clearly distinguishable from the triplet PrP-res pattern observed in a classical scrapie case in sheep ( Fig. 1A ; lane 8) archived in NIAH in Japan. The littermate of the present case was also examined by WB but tested negative for PrP-res (data not shown).
Since a formalin-fixed brain stem sample was unavailable, sections from the cervical spinal cord of the current case were stained with hematoxylin and eosin (HE) and examined by IHC for PrP Sc deposition. Histopathological examination revealed mild spongiform change in the substantia gelatinosa region of the dorsal horn (Fig. 1B and 1C) . IHC analysis showed that the fine granular to globular PrP Sc immunolabelling was abundant in the dorsal horn ( Fig. 1D and 1E ). Less prominent globular PrP Sc immunolabelling was detected throughout the spinal cord white matter. Due to the lack of other brain site samples, we could not examine the detailed PrP Sc distribution in the brain. Finally, we characterized a molecular type of PrP-res using field cases of classical and atypical scrapie including the current case. Following digestion with 5 µg/ml PK, samples were treated with or without Peptide-N-Glycosidase F (PNGase; New England BioLabs Japan Inc., Japan) as described previously [12] . For clear separation of the PrP-res bands less than 33 kDa, the samples were applied on 4-20% Criterion TGX pre-cast gels in Tris-Glycine running buffer (Bio-Rad, Hercules, CA, U.S.A.) instead of a 12% polyacrylamide gel in Fig. 1 . Upon deglycosylation of PrP-res, three bands were observed in all atypical cases (Fig. 2) . Although the band around 11 kDa was obscure, the 25 kDa, and 17 kDa bands in this case were similar to those in other atypical scrapie cases, suggesting similarities to the same PrP-res pattern of an atypical scrapie case previously reported [2] . This PrP-res pattern was well preserved among animals possessing the different alleles of PrP. Taking into account the tissue equivalent loaded per lane, the amount of PrP-res in the atypical cases from Japan was relatively low compared to cases from the U.K. The affected goat in this case was thought to be at the terminal stage of disease. Thus, the different signal intensity might be due to the difference of tested brain regions; Japanese samples were derived from the obex while U.K. samples were obtained from the frontal cortex. Our WB data might be consistent with the previous reports that found the accumulation of PrP Sc in atypical scrapie animals was observed, mainly, in the cerebral and cerebellar cortices [19, 20] , with less in the brain stem. Nevertheless, our current study also demonstrated that testing obex samples with sensitive-WB with mAb P4 could diagnose atypical scrapie in goats. As this is the only reported case we must exercise caution in extrapolating our findings or in making far-reaching assumptions.
We believe that this is the first report of an atypical scrapie case in a goat in Japan. The age of the affected goat and an unaffected littermate in the same farm may raise the possibility that this atypical scrapie goat was a sporadic case with poor transmissibility. The animals expressing the A 136 H 154 Q 171 allele, which is strongly associated with atypical scrapie [5] , constitute 0.3% of goats in Japan [14] . Since this disease has demonstrated its transmissibility to other animals [22] , continuous monitoring is still required for better understanding the incidence of atypical scrapie in Japan and preventing the spread of disease in advance. 
